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ABSTRACT 
The idea of obtaining subject access to information by being able to 
visualize an information space, and to navigate through that space toward 
useful or interesting information, is attractive and plausible. However, 
this approach to subject access requires additional cognitive processing 
associated with the interaction of cognitive facilities that deal with con-
cepts and those that deal with space. This additional cognitive processing 
may cause problems for users, particularly in dealing with the dimensions, 
the details, and the symbols of information space. Further, it seems likely 
that different cognitive abilities are associated with conceptual and spatial 
cognition. As a result, users who deal well with subject access using tradi-
tional conceptual approaches may experience difficulty in using visualiza-
tion and navigation. An experiment designed to investigate the effects of 
different cognitive abilities on the use of both conceptual and spatial rep-
resentations of information is outlined. 
INTRODUCTION 
It is difficult to ponder the current status and future development of 
subject access without considering visualization and navigation. The ba-
sic idea underlying visualization and navigation seems to make sense-
i.e., to allow users to examine an information space represented visually, 
then give them the capability to move from one part of that space to an-
other toward relevant, useful, or interesting information.1 The attractive-
ness of this idea is multifaceted. First, visualization and navigation mini-
mize the "vocabulary problem," because information is presented (at least 
in part) through spatial representations rather than through language. 
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When the use oflanguage is de-emphasized, it becomes less imperative to 
structure the dynamism and expressiveness of natural language into the-
sauri with their controlled vocabulary and limited semantic relations. Simi-
larly, the emphasis on browsing rather than searching, implicit in the visu-
alization/ navigation approach, reduces the dependence of information 
systems on the immensely flawed technology of Boolean searches. 
At the same time, visualization and navigation seem to make sense 
from the perspective of information science and technology. Visualiza-
tion of an information space is only possible if there are ways of structur-
ing that information space. Library and information science has devel-
oped many reasonable approaches to structuring information, ranging 
from the traditional hierarchical classifications of the nineteenth and early 
twentieth centuries, to the clustering techniques developed in 
bibliometrics, to the similarity matrices that form the foundation of the 
vector space approach to information retrieval. At a finer level, one can 
navigate within documents using document structures revealed through 
SGML or HTML. Navigation within a structured information space, re-
gardless of the structure used, is a form of direct manipulation and, as 
such, builds on the success of generations of graphical user interfaces. It 
follows that visualization/ navigation approaches to subject access build 
on the strengths of information science and of contemporary informa-
tion technology. The plausibility of the visualization-navigation approach 
to subject access should not, however, mask the genuine difficulties that 
underlie this approach. 
COGNITIVE FACILITIES 
One way of clarifying the nature of these difficulties is to draw upon 
the idea of cognitive facilities developed by Jackendoff (1992). The main 
point of this body of research in linguistics and cognitive science is that 
there are two separate cognitive facilities: one that deals with space and 
the objects that are encountered in space, and one that deals with lan-
guage and other symbols. These two separate facilities have separate ways 
of representing knowledge-i.e., spatial representation and conceptual 
representation. Through these separate facilities, people learn , under-
stand, and remember. But they do so in rather different ways. When a 
person looks around a room, he or she may see a door and remember 
where that door is. The spatial representation of the room that is created 
within the mind is good enough that if the lights go out, the individual 
may well be able to find his or her way to the door without difficulty. The 
other type of processing occurs when people perceive language. Typi-
cally, what gets created in the mind is a conceptual structure rather than a 
spatial structure. One can hear, or read, that a particular room has two 
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exits. This is perfectly clear and understandable, and understanding this 
statement does not produce the spatial representation that seeing the 
room does. 
Traditional approaches to information seeking and information re-
trieval have used primarily the conceptual facility of the mind. The visual-
ization-navigation approach seems to make use of the spatial facility of 
the mind. The question that must be addressed is whether this switch 
from a conceptual to a spatial approach in information retrieval poses 
special problems that must be addressed by the designers of information 
systems. 
Of course, it is impossible for the two cognitive facilities of the mind 
to be entirely separate. There are many instances in which people learn 
about, understand, and remember aspects of reality using both facilities. 
In other words, there are interactions between the conceptual and spatial 
representations of the mind. For example, we can talk about space. With 
care, one can give a detailed description of a physical space or an object 
that occupies space. This is not as simple as it sounds, because there are 
notorious ambiguities in spatial language. Consider, for example, the 
preposition "in" as it is used in phrases such as "There is a hole in the 
boat," "The boat is in the water," "He has a pipe in his mouth," "He has a 
strawberry in his mouth," and "The boss is not in." Similarly, making sense 
of language about space requires one to adopt a specific point of view. 
Suppose I tell John to put an object behind the curtain. There is no 
ambiguity as long as we are both on the same side of the curtain when I 
give the instruction. But if we are on opposite sides of the curtain, it is 
unclear whether I want the object placed behind the curtain from my 
point of view (i.e., on the same side as John) or behind the curtain from 
John's point ofview (i.e., on the same side as me). The conclusion to be 
drawn from this brief outline is that language about space is possible, but 
it poses problems that are only resolved with some effort. 
Another example of an interaction between conceptual and spatial 
representations is the use of language to create an imaginary space. By 
describing a space in detail, an author or a storyteller can make such a 
space seem as real as observed spaces. Whether it is Middle Earth, Hardy's 
Wessex, or Treasure Island, we are able to navigate around these spaces in 
our mind. It is possible for someone to give precise instructions for the 
journey from Hobbiton to Rivendell,just as one can give instructions for 
the trip from Champaign to Chicago. And, as Paivio (1990) has demon-
strated in an extensive body of research, this ability to encode informa-
tion presented conceptually as a spatial representation can facilitate learn-
ing and memory. The same information is encoded, and accordingly can 
be remembered, in two different ways-spatially and conceptually (Paivio, 
1990) . The use of spatial representations as an aid to learning and under-
standing also applies to the development of mental models (Johnson-Laird, 
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1983). These are spatial representations that allow us to ponder the rela-
tionships between conceptual structures, to solve problems and make in-
ferences, and to learn . For example, it is frequently easier to understand 
a topic if we make a diagram of the topic that shows the interrelationships 
of its component parts. Similarly, students who make concept maps of an 
area of study are better able to grasp the material to be learned (Rewey et 
a!., 1991; O'Donnell, 1993). In a somewhat different sense, the impor-
tance of mental models to information retrieval performance has been 
shown (Borgman, 1984; Marchionini & Liebscher, 1991). Mental models 
of the information retrieval process facilitate the movement from one phase 
of the process to another. 
The visualization-navigation approach to subject access requires that 
the spatial and conceptual facilities of the mind, and their corresponding 
spatial and conceptual structures, interact. Although there are many in-
stances in cognition in which this type of interaction occurs, the switch 
from a conceptual to a spatial approach to information retrieval may not 
be entirely without problems. At least three areas can be identified in 
which the interaction between spatial and conceptual facilities in infor-
mation visualization and navigation may cause problems-i.e., dimension-
ality, detail, and symbology. 
Dimensionality 
In the perception and understanding of objects in space, dimensions 
are important and are employed at a level of basic understanding that is 
virtually automatic. We know, when we look at objects, which end is up 
and which is down. We navigate to one side of a room or to the other 
knowing that the two directions are distinct and lead to different places. 
In another type of spatial navigation, the use of compass directions is im-
portant. From the naming of streets in a town or buildings on a campus 
to the development of a national grid of highways, compass directions 
present a clearly understood set of dimensions. However, in creating spa-
tial representations of conceptual structures, the dimensions may not rep-
resent anything in a clear and obvious manner. One way of making sense 
of dimensionality in information spaces is to employ a recognized concep-
tual dimension, then to align that dimension with a spatial dimension. 
Suppose the conceptual structure is hierarchical, from general to specific. 
There are different ways of aligning the conceptual dimension with a spa-
tial dimension. In tree structures, a higher position in the list indicates a 
more general term. In an indented list, a position closer to the left mar-
gin indicates a more general term. The spatial dimensions are applied 
arbitrarily to the conceptual dimension. However, information may be 
organized in ways that are not hierarchical. For example, in concept maps 
or "road maps" for a discipline, it is far from clear what dimensions might 
exist. There was, of course, a time in French history when the left was very 
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much to be distinguished from the right and the mountain from the plain. 
But this particular conversion of conceptual into spatial dimensions can 
hardly be generalized to other information spaces. And it is obvious that 
the problem of dimensionality becomes worse when we consider visualiza-
tion of, and navigation through, information spaces in three (or possibly 
even more) dimensions. 
Detail 
In the perception and understanding of objects in space, detail is 
continuous. For example, I view a building from a distance and perceive 
it as being round. As I approach, my perception gradually becomes clearer 
until I see that the building is actually octagonal. As I approach, I begin 
to see more clearly the shape and color of the individual bricks and, by 
using ever-increasing powers of magnification , I can obtain an ever more 
detailed understanding of the structure of the building. In information 
spaces, however, detail appears to be discontinuous. One can move from 
viewing the structure of a discipline from a bibliometric perspective to 
viewing the structure of a body ofliterature through citation links, to view-
ing the similarity of a group of retrieved documents revealed by their co-
sine similarities, to viewing the structure of a single document in its DTD, 
to an almost Masoretic attention to individual lexical or syntactic struc-
tures. These differe nt levels of detail seem to correspond to different 
objects rather than to differe nt views of the same object. This perception 
leads to the possibility that visualization and navigation through informa-
tion spaces may be limited in terms of how much one can zoom in and 
out. In fact, the amount of detail that any one information system can 
show may be limited by the discontinuous 'jumps" that occur in informa-
tion space. One can carry this speculation one step further by suggesting 
that there may need to be a series of "hyperspace" jumps that would lead 
the user from an overview of a discipline to the overview of a document 
set, then to the overview of a specific document, and ul timately to the 
details of lexical, syntactic, and semantic structures. 
Symbology 
Finally, the re is the problem of the nature of objects in information 
space. From the cognitive perspective, the smallest unit of conceptual 
meaning is the proposition . Propositions are combined into higher-level 
structures that represent meaning at the gist or summary level. It is pos-
sible to combine these summary understandings further through the cre-
ation of theories, schools of thought, or disciplines. The top level of con-
ceptual structures would be something like a general structure of knowl-
edge, with theories, schools of thought, and disciplines represented in 
their interrelationsh ips. In representing conceptual structures spatially, 
however, information system developers have typically not attempted to 
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provide symbolic analogs for these different conceptual levels but rather 
have relied on approximations for the conceptual structures. A proposi-
tion may be represented (inadequately) by a word or word stem. The gist 
or summary may be represented by an icon that looks like a document. A 
school of thought may be represented by the name of a prominent scholar. 
But there appears to be no approach to converting the elements of con-
ceptual space to spatial symbols that is self-evidently correct. There is an 
element of arbitrariness in the creation of spatial representatives of con-
ceptual entities that may act as a barrier to the smooth interaction be-
tween conceptual and spatial facilities, and thus present difficulties for 
the users of visualization / navigation systems for subject access. 
COGNITIVE ABILITIES 
A factor that further complicates the development and use of visual-
ization/ navigation approaches to subject access is the association of quite 
different cognitive abilities with the two different cognitive facilities. There 
are numerous anecdotes that can illustrate this split in cognitive abilities. 
Some individuals cannot read a map to find their way to a nearby town but 
can give and follow directions to that town. They are better at conceptual 
processing than at spatial processing. Similarly, some students learn bet-
ter than others when they use concept maps to diagram the area of study, 
while others learn better by perusing a conceptually structured textbook 
chapter. These differences in cognitive abilities can lead to preferences 
in learning, problem-solving, and reasoning. Other individual differences 
are found within each cognitive ability. An excellent review of the find-
ings of research into individual differences in dealing with spatial infor-
mation is presented injuhel (1990). 
It is apparent from information science research that cognitive abili-
ties influence information retrieval performance. Because the majority 
of this research has been conducted with traditional (i .e. , conceptual) 
approaches to information retrieval , the cognitive abilities that have been 
found to be associated with different levels of searching performance have 
been, for the most part, associated with conceptual processing. So, for 
example, it comes as no surprise that verbal comprehension, logical rea-
soning, or perceptual speed play a role in the quality of information ob-
tained from information systems that rely primarily on conceptual pro-
cessing and representation. But there has been one fascinating and rela-
tively consistent finding that falls outside this pattern. Numerous research-
ers have identified abilities in spatial scanning and spatial orientation as 
influencing information retrieval performance (Allen, 1992; Borgman, 
1989; Dumais & Schmitt, 1991; Greene eta!. , 1990; Vicente eta!. , 1987). 
It seems likely that this effect is caused by the use of rudimentary spatial 
devices in traditional information systems. For example, lists of concepts 
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can be provided in tree structures or indented lists, where the dimensions 
have a meaning that facilitates information retrieval. At an even more 
basic level, spatial cues have been used to identify data elements in data 
displays. The cognitive abilities of spatial orientation and spatial scan-
ning influence information retrieval performance because of simple spa-
tial elements in traditional information retrieval systems. It follows that, 
as we move to highly spatial approaches to information retrieval, such as 
those associated with visualization and navigation, differences in spatial 
abilities of users will have a substantial influence on how well they can use 
such systems. 
The main concern at this point, however, is that visualization-naviga-
tion approaches to subject access may work well for some users (i.e ., those 
who have higher levels of spatial abilities), while more traditional language-
based approaches to subject access may work well for other users (i.e., 
those who have higher levels of conceptual abilities). If this turns out to 
be true, then visualization and navigation will be helpful adjuncts to tradi-
tional conceptual approaches to subject access rather than replacing them. 
This will, in turn, mean that information systems will become more com-
plex. One can imagine a system with several different language-based 
approaches to subject searching and several different navigational ap-
proaches, with users being able to switch back and forth between these 
capabilities. There exists a limited amount of research that supports this 
understanding of the interaction of cognitive abilities with design features. 
Stanney and Salvendy ( 1995) showed that people with low levels of spatial 
ability could perform an information task as well as people with high lev-
els of spatial ability if they used an interface that compensated for their 
low levels of ability by the use of specific visual mediators. In contrast, 
other research (Seagull & Walker, 1992) failed to show any interaction 
between design features and visualization ability in a hierarchical search 
task. Clearly, much additional research is necessary to clarifY how cogni-
tive abilities interact with visualization / navigation features in information 
systems, and how information systems can use such features to enhance 
usability. 
It seems likely that individual differences in cognitive abilities will be 
most visible in the areas in which interaction between spatial and concep-
tual facilities presents problems-i.e., dimensions, details, and symbology. 
It would be possible to hypothesize, for example, that users who have lower 
levels of spatial abilities would have more difficulty in making sense of the 
arbitrary and unclear dimensions of spatial representations of informa-
tion spaces. Similarly, it seems possible that discontinuities in detail would 
prove more problematic for people whose high levels of spatial abilities 
has led them to expect smooth and continuous "zooming" from one level 
of detail to another. Finally, the arbitrary and unclear selection of spatial 
representations or symbols for conceptual elements may serve as a barrier 
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for some users . Indeed, users with high levels of the abilities associated 
with conceptual processing may resent the crude representations of the 
complex world of conceptual structures that are implied by icons and re-
lated symbols. 
At the same time, it is important to note that it is not just subject 
access that can be adapted to spatial and conceptual alternatives. In many 
traditional information systems, spatial cues are meaningful parts of the 
search process. In card catalogs, the call number was always found in the 
upper left corner of the card. In multi-window displays of bibliographic 
records, data elements are always displayed on the same part of the screen . 
These visual cues allow the user to direct his or her attention to specific 
places in which expected information can be found. Once again, it seems 
likely that these spatial cues will be of greater help to those with higher 
levels of spatial abilities . 
In research currently underway, experimentation with both concep-
tual and spatial approaches to information retrieval is being undertaken. 
The hypotheses tested in this research suggest that performance in infor-
mation retrieval is influenced by an interaction between design features 
that present information in spatial representations and spatial scanning 
abilities . Specifically, it is hypothesized that people with higher levels of 
spatial abilities will perform better searches than individuals with lower 
levels of spatial ability when the information retrieval system employs two-
dimensional presentations of information , and that people with lower lev-
els of spatial abilities will do better searches when they use a system that 
presents information in traditional linear, nonspatial forms. Following 
the speculation advanced above that different levels of perceptual speed 
are associated with different levels of conceptual processing, this research 
also focuses on hypotheses regarding perceptual speed. Specifically, it is 
hypothesized that people with higher levels of perceptual speed will do 
better searches than individuals with lower levels of perceptual speed when 
they use systems that present information in a traditional linear manner, 
and that people with lower levels of perceptual speed will do better searches 
when using an information system with visualization / navigation capabili-
ties. Finally, it is hypothesized that these effects will interact with the task 
situation in which the users are placed during information retrieval. This 
aspect of the research is exploratory in the sense that not enough is known 
about the nature of the interaction between individuals and their task 
situations to generate a specific hypothesis about this effect. 
EXPERIMENTAL DESIGN 
Clearly, the variables outlined in these hypotheses must be carefully 
operationalized and encapsulated within an expe rimental design if the 
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results are to be meaningful. The following sections outline the details of 
the experimental design . 
The Information Systems 
Four experimental systems were designed for use in this experiment. 
The Database 
A database of 668 bibliographic records was developed for use in this 
research by beginning with the topic of, "The effects of viewing television 
violence on aggressiveness in children." Previous research had identified 
three descriptors that were particularly relevant to this topic in the Wilson 
Reader's Guide database: Violence in Television, Aggressiveness in Chil-
dren , and Television and Children. All records indexed by these three 
descriptors were retrieved from a CD-ROM version of this database that 
covered a period of ten years of literature, 1983 to 1993. 
From the initial140 unique records retrieved by this strategy, an addi-
tional group of sixty-four descriptors was derived, representing all of the 
descriptors found in those records that were not personal or corporate 
names. Records indexed by these descriptors were retrieved from the 
same CD-ROM sources up to a maximum of ten records for each descrip-
tor. This process added an additional 528 unique records to the database. 
Since these records were derived by searching descriptors that were at 
most one semantic step away from the initial set of potentially relevant 
items, the records represent a fairly narrowly defined subset of the Reader's 
Guide database. Because of this relatively narrow definition, the database 
was identified in the information systems as the "Family Issues Database." 
All records contained a title, a source (i.e., journal, volume, page, 
date), and a list of subjects covered. Most records also contained an au-
thor (83 percent) and an abstract (88 percent). 
The Index 
The mechanism for retrieving records from this database is a list of 
subject headings. The 668 records contained a total of 466 unique sub-
ject headings, all of which represented topics rather than names. Of these 
headings, 95 (21 percent) consisted of single words, 190 ( 40 percent) 
were multiword phrases, and 181 (39 percent) were headings in combina-
tion with subheadings. An inverted index linked the list of subject head-
ings to the database of bibliographic records. 
The Word Map 
As a means of providing a spatially oriented approach to the subject 
heading index, a word map was created. All of the significant words from 
the subject headings were normalized by stemming, and the 100 most 
frequently occurring word roots formed the basis for a word / record ma-
trix in which the cells were frequencies of occurrence of the word in the 
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subject headings of the record. This matrix was reduced to a word/ word 
similarity matrix by calculating cosine similarity measures between words. 
This similarity matrix served as input to multidimensional scaling, which 
produced a two-dimensional word map. 
In those systems that used the word map, the map was presented in a 
scrollable window on the left side of the screen, and the list of subject 
headings in a scrollable window on the right side of the screen. The size 
of the word map was 1150 by 960 pixels, but the window through which 
the word map was viewed was 390 by 380 pixels. Accordingly, scrolling the 
word map in the window brought different portions of the map into view. 
Clicking on any word of the word map caused a box to be drawn around 
the word, and caused the subject heading list to scroll to a heading associ-
ated with that word. In most cases, the re was a simple alphabetical match. 
Clicking on a word in the word map caused the subject heading list to 
scroll to the first occurrence of a subject heading beginning with that 
word. In other cases, however, the words in the word map were not iden-
tical to the initial word of the subject headings. In such cases, clicking on 
a word in the word map caused the subject heading list to scroll to the first 
heading in the list that made use of that word. The word map is illus-
trated in Figure 1. 
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Data Presentation 
A multiwindow data presentation screen was developed in which each 
element of the bibliographic record appears in a separate window on the 
data presentation screen . This multiwindow display is illustrated in Fig-
ure 2. 
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Systems 3 and 4 provided the basis for separating the effects associ-
ated with word maps and multiwindow displays. System 3 used the word 
map and the single-window display, while System 4 used the multiwindow 
display but not the word map. 
Logging 
Built into each of the systems was an elaborate mechanism that logged 
the activities of searchers in a time-stamped log file. Each search term 
that was entered by a participant in the research, each word from the 
word list that was clicked, each subject heading from the subject heading 
list that was clicked, each subject heading that was selected, and each 
record that was viewed were recorded. Scrolling in both the word map 
and the term list was recorded. In addition, participants ' judgments about 
the usefulness of each record viewed were recorded by noting the deci-
sion whether or not to print each record viewed. 
Materials 
To prepare for the information search, participants read a short two-
page document describing some of the main findings of research into the 
effects of viewing television violence on aggressiveness in children. This 
document, abridged from a popular article on the topic, has been used in 
a variety of previous research projects and has been found to be easily 
read and understood by university students. 
Spatial scanning ability was tested using two pencil-and-paper tests 
derived from the Kit of Factor-Referenced Cognitive Tests (Ekstrom eta!., 
1976)-the Maze Tracing Speed Test and the Map Planning Test. Percep-
tual speed was tested with two tests from the same Kit-the Number Com-
parison Test and the Identical Pictures Test. 
Participants 
Eighty volunteer participants from the general student population of 
the University of Missouri participated in this research. They were paid a 
sum of $5 for their participation, which lasted on average about 45 min-
utes. 
Procedures 
Participants first read the stimulus article on the topic to be searched. 
They then completed the four tests of cogni tive abilities. Following the 
tests, they were given one of two sets of instructions. The first task condi-
tion was presented in the following instruction: 
A few minutes ago you read an article on a topic. Now, assume that 
you are working a te rm paper assignment for one of your classes, 
which requires you to complete a 10-page paper on this topic. To do 
this, you want to find additional information about the topic. You 
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will be searching an experimental information retrieval system to find 
a few good articles about the topic that you can include in your term 
paper. 
The second task condition was presented in the following instruction: 
A few minutes ago you read an a rticle on a topic. Now, assume that 
you have been asked to write an article in the student newspaper on 
this topic. To do this, you want to find additional information about 
the topic. You will be searching an experimental information re-
trieval system to find as many articles as you can about the topic so 
that you can write a well-informed article. 
Participants were then randomly assigned to one of the four informa-
tion systems and were given individualized instruction in the use of that 
system. This instruction was limited to details of the manipulation of the 
windows and search features and did not address questions about the topic 
being searched. 
Participants then searched the information system until they felt they 
had achieved their objective. Every time they viewed a bibliographic record, 
the system asked whether the user would like to print the record or not. 
In the instructional sessions, it was explained to participants that they 
would normally only print records that they felt would be useful to them. 
After completion of their search, participants completed a brief one-page 
questionnaire which asked them details about their knowledge of, and 
experience with, information retrieval, their knowledge of the topic, their 
satisfaction with their search, and any problems they experienced in us-
ing the information system. This questionnaire also asked participants for 
a self-assessment of conceptual learning that occurred during the search. 
Data Extraction and Analysis 
Following procedures established in previous research of this nature, 
bibliographic records selected for printing by more than half of the par-
ticipants who viewed the records were considered relevant to the topic 
being searched. From this basis of operational relevance, judgments and 
precision and recall measures for each search were calculated. In addi-
tion, the detailed time-stamped logs produced by the experimental infor-
mation systems formed the basis for the calculation of measures, such as 
the number of relevant records viewed per minute. These measures pro-
vided assessments of both quality and efficiency of the searches. 
Analysis of the data was accomplished by Analysis of Covariance, in 
which there were four independent variables: task (two levels), system 
used (four levels) , perceptual speed (covariant), and spatial scanning ability 
(covariant) . Where significant results from this analysis indicated the ap-
propriateness of doing so, the cognitive ability variables were dichotomized 
using a median split to provide for more detailed interpretation of results. 
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Preliminary Findings 
At the time of this writing, just over half of the data has been col-
lected. The number of observations does not permit assessment of the 
hypotheses presented above, but some of the preliminary findings from 
forty-three observations are of interest. The first point to be made is that 
participants in the experiment, who represent a cross-section of college 
students, are able to make use of the word map with no apparent diffi-
culty. The twenty-two students who have used retrieval systems employing 
the word map have scrolled over the word map for a distance of 2620 
pixels on average. This figure can be compared with the minimum dis-
tance that would have to be scrolled to obtain a complete view of the 
entire word map, which is 2370 pixels. It would appear that the participants 
of the experiment were working with the scrollable window so as to view a 
substantial portion of the word map. While using the word map, these 
participants also clicked on 6.6 of the displayed words (on average), thus 
employing the capabilities of the word map to select the desired subject 
terms. When the self-reported difficulty experienced in working with the 
information systems was compared for the two groups of students-the 
twenty-two who used the word map and the twenty-one who did not use 
the word map-no difference was found (Mann-Whitney U= 211.5, p> .6). 
A comparison of other search activities of the students shows that 
there was no difference between the students who used the word map and 
those who did not use the word map in terms of time spent in searching 
(t (41) = .73,p> .47), number of subject headings used (t (41) =.59,p> .55), 
or number of bibliographic records views ( t ( 41) = .95, p> .34). There was, 
however, a significant difference in the amount of browsing in the subject 
heading list that was accomplished by these two groups of participants. 
Students who used the word map browsed up and down in the subject 
heading list for a total of 83 lines (on average), while students who did not 
use the word map browsed in that list for in excess of 400 lines (on aver-
age). Since the subject heading list contained only 466 headings, it ap-
pears that students without the word map capability resorted to scanning 
large portions of the list. Those who had the word map, with its ability to 
move directly to subject headings of potential interest, found it less neces-
sary to do less browsing in the subject heading list (I (41) = 3.93, P< .001). 
One interpretation of this pattern of findings, that must await the collec-
tion and analysis of the remaining data before it can be confirmed, is that 
the word map is being used as an alte rnative access mechanism, replacing 
subject heading browsing with navigation through the word map. 
CONCLUSION 
The apparent attractiveness of visualization and navigation as subject 
access mechanisms creates a need for considerable research into the 
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usability of systems based on this technology. The theory of cognitive 
facilities suggests that one crucial area of research lies in the interaction 
between conceptual and spatial facilities and their respective cognitive 
structures. This interaction is central to the development of comprehen-
sible spatial maps that correspond to the conceptual structures of infor-
mation spaces. The existence of distinct cognitive abilities for conceptual 
and spatial processes further suggests that users may have different levels 
of success in using visualization and navigation as ways to find topics of 
interest. Preliminary experimental results suggest that spatial processing 
(in the form of word map browsing) can replace conceptual processing 
(the linear consideration of subject headings presented in a list), without 
affecting the amount and nature of the information retrieved. 
NOTE 
1 The re are many inventive applications o f this type o f subject access in information 
retrieval-too many to summarize he re. Reade rs may wish to examine re presentative 
examples such as Rogers et al. ( 1994), Wise et al. ( 1 99.~), Andrews ( 1995), or Hearst 
(1995) . 
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